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ABSTRACT 


the electromagnetic ceasure- 


Gents conducted by the Central Wg reonpgetion Laboratory 
during Operation UPSHOT -KNOTHOL.EG ¢Vateforna recorded 
reveal the original pulse 
Shape before being distorted y the e of propagation. 
Records cade at distances of and kilo~ 
weters shov the changes in vAveforns brought about by 
propagation. Attempts vere mde to interpret the vave~ 
forms received at distant stations {n terns of active 

modes of propagaticn, and to relate tha bomb yield to 
propagation distance, electromagnetic field sixa rth and 
energy, detonation height, atc, Expressions are alsu 
given relating the attenustion of the pulse to propaga-~ 
tion distance, 
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ELECTROMAGNETIC MEASURIMENTS: CONDUCTED BY: Tite 4 
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CHAPTER I . 
INTROOUCTION. 


1.1. OBJECTIVE 


The objective of this research progvam is to obtsin background 
information for the development of an automatic, continuously operat-. 
ing electrousgnetic surveillance system capable of detecting pulses 
from atomia veapons detonated in certain suspect arcas, A sticcess- 
ful electromgnetis detection system would have the advantage, of 
furnishing the earliest and the wost accurate detonation times, The 
true detonation tine 18 of increased iapostance at tines vhes the 
atwoaphere is already contaminated frow a previous explosion. I% is 
thought that a successful detection syatem can be developed using 
tvo of rove stations located in low nol¢e areas and ubilizing time 
coincidence recognition. Successful operation would depend upom 
millisecond timing accuracy and an intizate knowledge of. foncepherta 
propagation conditions along the transsissioa paths involved. 


The Defense Research Laboratory of the University of Texas is 
concerted with the problens of engineering the detection system. 
while the Central Radio Propagation Laboratory is primarily concern- 
ed with the nature of the generated signal and ite modification ta 
form and intensity after propagation ty the ionosphere. 


PROPAGATION LABORATORY DURING OPERATION UPSHOR-KHOTROLE:. «-: ~-. 
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1.2 BACKOROUND 
est es ers 


The Central Radio Propsgation Laboratory conducted radioé fre 
quency detection teats during Operation TUMBLER-GNAPPER. using::: 
nasrowband equipment at distant sites, These pulsee vere received. 
following “he tine of the detonation by approximately the ting required 
for propagation. No strong secondary pulses vere revelved except such 
as may be attributed to different acdes of propagation. However, little 
information regarding the chsracteriatice of the original pulses coulté 
ve determined frow the results of these measurewents, The first success- 
ful broadband measurements vere made during Operation: IVY a6 distances of 
4000 and 6000 ku, In order to record the original pulse shapes, it vas 
suggested that future broadband measurenents be condicted near enough: 
to ground zero to avoid pulse distortion due to fonospherica propagation, 


CHAPTER II 
INSTRUMENTATION AND OPERATING PROCEDURE 


2.1 OUTLINES OF THE CRPL EXPERIMENTS 


Broadband pulaes and responses from narrow-band equipment vere re- 
corded, together with timing marks, during the UPSHOT-KNOTHOLE teats. 
at the following locations: Nevada Proving Grounds Boulder, Colorados 
Ft. Belvoiry near Washingtoa, D. C.j; and Stanford, California, 


2.1.1 Tests Conducted at the Nevada Proving Ground 


The location of the Nevada recording stations was near 
enough to ground sera to permit recording the wavefora before the ef- 
feats of propagation had appreciably altered ita shape, and yet far 
enough avay 20 that the radiation component of the electromagnetic. . 
field predominated over the induation component. A .al-meter vertical 
probe antenna, mounted on top of a tratler, fed a11 receivers through 
& Voltage divider and # cathode-follower unit. Equipment having a 
uniform gain over the frequency range from 1 ka to 2 Ma ov higher 
(3 d® point at approximately 5 Me) was used to record the vavefords. 
The oscilloacopes vere modified to permit self-triggering from either 


polarity of pulse, 
Narrow-band responses from receivers having a 3 k¢ Dand- 


width at half-voltage points and tuned to 2,9 Mo, 10 Ma, and 15 May 
were recorded on three chantelé of a four-beaw osailloscove, Timing 
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sarks were recorded on the fourth channel of this oscilloscope: Thasé: 
records provided peak field strength values, at the above: mentioned fre- 
quencies and bandvidths, ae wel) as the time of reception of the electro- 
wagnetic pulse. Detonation tines vere sent from the Nevada Proving, 
Ground to the distant field stations, and after allovances for propaga- 
tion delay, positive identification of the desired pulses was possible, 


For each event an effort was made to record the broadband 
wave fora on @ single record, and also to record the rise tine of the 
initial portions of the pulse on other records, using a nore sensitive 
scale, To accomplish this, five oscilloscopes were used with different 
gain settings and sweep rates, since the exact relatimships between the 
peak field strength, pulse length, yield, distance from ground zero, 
tower height, etc., were not known, Reliable records of vaveforus vere 
obtained for all events except No. 1, in which case the signal exceeded 
the dynamic range of the equipment, As experience was gained in pre- 
dieting the strength of the signal, other records of interest vere 
obtained using higher gains, faster sveep rates, and longer delay lines, 
By these means, the small amplitude detail that preceded the main 
negative pulse was revealed, 


Additional experiments were conducted for Shots Mo. lL, 2, 
3, and 4 to gain information regarding the relative strength of the 
horizontally and vertically polarized components of the v. :ablod 
field. This was accomplished by recording the horizontally- polartzed 
component of the downcoming sky wave after ionospheric reflection, 
This component is related in amplitude to the horizontally-polarized 
component radiated by the source, 


2.1.2 Teate Conducted at Boulder, Colorado} Washington, D. C3 
and Stanford, California 


At Boulder and Washington vertical antennas were used with 
cathode-follover units which were connected by coaxial cables to the 
vroadband equipment and the narrow-band receivers. The bandwidth of 
the broadband equipment used at these stations was sufficient to re- 
cord the waveforus with considerable fidelity, However, at Washington 
1% was necessary to use a filter to reject station N88 for Shots Io. 

1 through 8, 


The pulse outputs of the three narrow-band receivers, which 
vere tuned to frequencies of 15 ke, 30 ka, and @ channel near the max- 
imum usable frequency for the path, were recorded on three channels 
of a four-deam oscilloscope, The fourth channel vas used to record 
timing marks, ‘The detonation times determined from the Nevada 
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Measurenents, vith allovances for propagation delay, were used to 
positively identify the pulses recorded at the distant stations. The 
use of these tinea was the only means of tdentification on occasions 
when the atmospherto noise level was unusually high, when the. bom 
va® very small, or when propagation conditions were wifavorabdle. 


Equivalent peak field strengths at frequencies of 15 and 
30 ko wore obtained from the narrow-band measurements, 


The broadband waveforms recorded at the distant stations 
vere used to obtain the frequency distributions of the ensrgy of the 
Pulses, The effect of ionospheria propagation upon the pulses can be 
determined by cowparing the frequency functions of the vavefornus re- 
corded at the Nevada sites with those recorded at the distant field 
stations. The bandwidth required for faithful pulse reproduction de- 
creases with increasing distance, since the effect produced dy the 
ionosphere is similar to that produced by s low-pass filter. For thia 
reason the bandwidth of the broadband equipment necessary at distances 
of 20 kaa extended from 1 ke to 2 Ma, whtle the bandwidth of the 
equipment used at 1000 and 3000 ka extended from about 1 to 80 ks, 


Measurements at very low fraquencies were made at 
Stanford University by uenbers of the University staff under a sub- 
contract with the Central Radio Propagation Laboratory. The loop 
antenna and amplifier system, which had deen designed and used pre- 
viously for the reception of atmospherics at low levels, were used. 
The gain of the system was very high, and the bandwidth extended 
from about 500 cps to nearly 200 ko. For most shots, the time of 
ocaurrence, tha waveform of the signal, and the peak auplitude 
were recorded, the latter being expressed in terms of antenns voltage, 


2,2 DESCRIPTION OF TIMING METHOD USED AP ALL STATIONS 
The sama instrumentation for obtaining the time of reception of 


the electromgnetio pulses vae used at all stations. A 100 ke secondary 


frequency standard vas used, together with frequency dividers, to give 
25 ape output. The 25 ops output was then twice divided vy five to ob- 
tein one pulse per second, A wechanical arrangement vas used to permit 
the 59th second mark to be omitted. The timer vas operated in the fol- 
lowing mannex: First the 100 ka secondary frequency atandard ves ad- 
justed so that one of the harwonics was as nearly as possible synchro- 
nized with the highest frequency signal recordable from station WHV 

(or WHVH). ‘The divider units were checked to be sure they were in 
synchroniom with the 100 ko secondary frequency standard and dividing 


SepO hates ; 
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properly. The onee-per-second pulse output of: the: timer unit vag thers - 
synchronized with the seconds ticks received frow atation: KHVi.. » Shae. 2? 
audio output of a receiver tuned to station WW¥ vas connected to: the... 
vertical deflection plates of am oscilloscope, and. the seconds pulses: 
frow the timing unit vere allowed to trigger the sveep of thim osetilo- 
scope. A phase-shifting circuit in one stage of the frequency: divider 
was then adjusted until the seconds ticke from WHY, which consist of 
five cycles of 1000 ups, vere seen on the osotlloscope. The tva wits 
were in synchronism whan the start of the oscilloscope sweep coincided 
with the very beginning of each WHV secouds tick. Figure 3.6% ie a 
photograph of a time comparison between seconds mrks received frou 
WWY and the timer unit. Note that the timing unit pulse in this figwze 
is about 1.6 milliseconds later than the beginning of the seconds mark 
received from WHY, 


2.3 DESCRIPTION OF EQUIPMENT USED AT TRE NEVADA PROVING GROUND 


The equipwent used in Nevada was divided among three sites with 
only two sites in operation simitaneously. At Site 7.14 vere Located 
the broadband equipment, timing equipment, and narrov-band receivers, 

The other two sites, 7.18 and 7.10, were used only for broadband measure- 
ments, Pover was supplied by portable diesel generatore at all three 
sites. Figure 2,1 is a dlock diagram of the equipment arrangement as 
used.at the osin site, 


2.3.1 Antenna Systems and Cathode-Follower Unite 


Various antennas and aathode-follower arrangewents were tried 
during the first three shote at the min site, For Shot No, 1, the 
field strength exceeded the dynamic range of the equipment. For Shot No, 
2 7.19-meter vertical antenna, vith a .30-meter diameter aluminium disk 
on top, was used at the main site, It was thought that this disk vould 
luprove the low-frequency response, but later it was found to he mneces- 
sary, and it was not used after Shot fo. 3. A schematic diagram of the 
cathode-follower unit used for Ghot No. 2 is shovm in Figure 2,2. 


At the main site the base of the antenna was connected direat- 
ly to the cathode-follower grid for Shot No. 3. For Shots No. & through 
Ll @ capacity divider vas inoluded in the cathode follover ta decrease 
the voltage delivered by the antenna to the cathode-follover unit, The 
voltage divider consiated of an additional capacitor of 47 yufd connected 
to ground and acting vith the antennae base capacity of 10,7 upfd, The 
input impedance of the cathode-follower unit was very high) so that over 
the frequency range of interest, the open cirauit voltage of the aatenna 


was inpreased upoa the eerie oni ne, 
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Es 
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‘Ab Sites 7.18 and 7,1 the antennas used for Shots No. 3 
through 11 vere identical to that used at Site 7.14, except that. their 
bases vere connected directly to the oscilloscope probes, The proves, | 
vbich had an input impedance of 10 megohms shunted by an input capacity 
of 13 puta, provided « voltage attenuation of 10:1. To obtain ampli- 
tude calibrations, a voltage from s standard signal generator vas 
applied to the input of the cathode-follower unit through a capacitor 
representing the antenna, 


2.3.2 Narrow-band Measurements 


Three Hammarlund SP-600 receivers, using the 3 ke band- 
width position, were tuned to frequencies of 2.5, 5 and 15 Me. The 
signal voltages were applied to the receivers from the cathode-follower 
unit. The radio-frequency gain controls were set by estimate and no 
automatic volune control was used. The outputs froa the receivers 
were taken froa the intermediate fraquenay output and detected using 
& 1N3% crystal, a 10,000 ohm resistor, and a 0,001 pfd capacitor. 
These volteges vere applied to the horizontal deflection plates of a 
four-bean oscilloscope, The fourth channel of this cacillose was 
used to record timing marks as previously described (Fig. 3.33). 
Photographic records vere made using an NBS strip film camera which 
moved the film vertically past the face of the oscilloscope at the 
rate of 17 inches per second, 


2.3.3 Broadband Measurements 


At the main site five Tektronix type 513-D oscilloscopes 
were used with different sensitivities and sweep speeds, They were 
modified to trigger either frow positive or negative signals. when 
external triggering was used, the trigger voltage vas obtained from 
a separate 1,035-meter antenna, which peraitted the earliest aspects 
of the pulse to be recorded, The signal voltage vas normally delayed 
0.25 sea with respect to the start of the aveep, The sveep delay 
time was increased to 0.4 jsec by adding an external delay line, 


Amplitude calibrations vere accomplished by applying a 
voltage, through a dumy antenna, to the input of the cathode follower 
from a standard signal generator and measuring the corresponding de- 
flections produced on the oscilloscopes. The broadband equipment had 
linear aaplitude response up to 4 cm of oscilloscope deflection. 
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wreertordiions Tore made on each oscilloscope to deternine 

the degrees of skeviess that existed between the grid lines on the face 
of the cathode ray tube and the directions, horizontal and vertical, 

in vhich the spot vas deflected. Photographic records were mide of 
vertical skewness for each of the eight horizontal centineter marks and 
horizontal akewmeas over the vertical range of four centimeters. for. each 
osoilloacope. These values of skewness were taken into consideration 
when computing the frequency functions frou the waveforms, 


The frequency response for each of the broadband receivers 
used at the main site vas obtained by feeding a signal into the cathode 
follover and measuring the corresponding deflection produced on cach of 
the oscilloscopes at different frequencies ranging from 1 ko to 30 Ma, 
The results are shovn in Figure 2.5. It can be seen from this figure 
that in all cases the response was unifora at least frou 1 ka to 2 Me 
and slowly dininiahed at higher frequencies, 


The transient response of the broadband equipment vase de- 
termined by feeding a square vave tnto the broadband system and cbhserv- 
ing the rise time on the oscilloscopes, Using a 0.26-ysec square-wave 
input to the cathode follower, a rise time of 0,02 sea vas obtained, 
Photographs of the transient response of the equipment are shown in 
Figure 2.5. No ringing or overshoot ie observed at any pulse length. 
The fastest rise time observed for the Qlectromagnetic pulses frou 
datcnations was of the order of 0.2 or 0.3 psec, while the rise time 
for the equipment vas .02 sec. 


Broadband deflections were converted into equivalent values 
of vertically-polarized field strengths by matching the peak deflections 
with a sinusoidal voltage from the standard signal generator. ‘The peak 
value of voltage required to matoh the deflection and the antenia ef- 
fective height in ueters were used to obtain field atrength in units of 


volts per meter, 


The antenna used for Shot No. 1 had « physical length of 
0.43 meters, Its effective height vas deterained in the following 
manmer., A field-strength meter vas set up at a point about 200 feet 
avay from the usin site, The assumption was made that the field 
strength at the main site and at the Cield strength meter vas the 
same value. The xmasuremmts denonstrated that the wagnetia vectors 
received from distant VLF stations vere of the sane Magnitude on top 
of the trailer and at the point 200 feet avay, (ne of the narrow-band 
recelvers was tuned to the same distant station as the field-strength 
meter, Radio-range stations, N88 and NPM vere used for calibration. 
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The receiver output voltage and. the value of: ff¢ 
with the fteld-strength meter were noteds:, The 


ted, THe ratic. of peaky:,-. 
signal-generator voltage thus obtained ta the. value: of: mgasured. peak: 
field strength gave a value of effeative height. of, 0.1 meters: for. the: 
0.43-netor antenna, : maT A wer ‘ a BE 


Using formas by Xing and Blakel, acauraté.valies Ofs..° 
input celf-resistance ard self-reactance of a symmetrical. antenne, .-.. 
Dased on Hallen's analysis, were calculated. These formilas. give... . 
a mich better approximation than those derived, assuming a sinu- 
soidal distribution of current. For the 0.43-muater antenna the, ef- 
fective height was calculated to be 0,12 meters. 


The values of effective height of tha short antennas used,. 
at the Nevada Proving Ground are considerably lese, than those. obtained , 
uaging one-half of the physical-length of the antennas... These differenaes 
arise from the fact that the antennas employed here aye not sufficiently 
short, in terus of their capacitance effect te ground, to justify the . 
linear current distribution which results in the value of effective... 
height equal to one-half the physical length. ; : 


For Shot No. 2 # .19-mater vertical antenna, top-loaded 
with a .38-meter diameter disk, was used. The top loading served to 
increase the effective height over that of » plain +iQ-mater: vertical. 
antenna, An effective height of 0.10 meters was caloulated for this. 
antenna, assuming a linear current distribution produced by the top 


loading, 


For Shote No. 3 through 11 « .2l-meter antenna, followed : 
by suitable capacity voltage dividers, wae used to record the waveforus. 
Die to the low pick-up faator of this short. antenna, if vas dtfficuls . 
to measure its effective height by receiving distant, very low 
stations. However, the values of antenna capacity (3.15 puta) and 
antenna dase capacity (5.25 wud) vere determined in the field using 
the substitution method. Again, useing formas by King and Blake+ the 
antenna capacity was calculated to be 3.60 yufd, comered to the : 
nessured volue of 3.15 wifd. The effective height vas caldulated to 
be .Of meters, 


SHORES 


peaseurscnninshs cect, 
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_. " Tm calotlating the values of field strength and! energy: 
for Show No.2 an effective height value of 0.1 neters was usedf: for: 
Shot# No» 3 through 11, an effective height value of 0.07 uatera’ - - 
vag used. These value are appropriate in the very low frequency. F 
regia and at these short ranges where the surface wave. predominates, 
Ab higher frequencies, about 1 Mo or soy vhere the direct and grouid~ 
reflected couponénts predominate, the actual height above the grouié 
of the .2l-wetey antenna cannot be neglected. The antenna effective. 
height was determined at frequencies between 3 and 23 Mo, using a 
target transaitter furnished by the Sandia Corporation. The results 
of these measurements suggest s value of effective height of 0.2% 
metere and illustrate the dependence of antenna gain upes height 


at these frequencies, 


2.3.4 Vertical Incidence Ionospheric Measurements 


An additional experiment was arranged in an attexpt to 
deteruine whether appreciable horisontally-polarized energy vas radiated 
by the source. A loop antenna, having eleven turns and which vas .78 
wetere in diameter, was mounted on a tripod so that ite center vas 
abouds 6 feet above the earth. ‘The loop vas placed in the vertical 
Plane and oriented so that minimum energy would be received direatly 
from the source. The osaillosacpe sweep tine wae long to permit 
receiving any possible ionospheric reflections, It was reascmed that 
a signel recorded from the foncepheric Layers must have bees originally 
horizontally polarized. This assuses that the original polarisation 
is preserved after ionospheric reflection. One side of the loop an- 
tenna was grounded, and it vas dasped with a resiatance to prevent 
ringing, A Textronix type 12) preamplifier was used at the terminals 
of the loop antenna, and s 200-foot length of coaxial cable connected 
the output of the preauplifier to the recording oscilloscope at the 
main site, 


In order to calibrate the system, a low impedance signal 
generator was inserted in series with the loop antenna. The effective 
height of the antenna vas calculated by using the expression: 
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where 


resultant voltage acting around the loop 

field intensity of signal at the loop in volts per meter 
nuabey of turns in leop = 11 

wavelength of signal in meters 

area of loop inéquare eters 


> zeam 
a an no 


At a frequency of 16 ke, E = 1.7 meters, 


2.4 DESCRIPTION OF INSTRUMENTATION USED AT BOULDER COLORADO 
eee etn eV LARALAY 


This teat site which wae seven miles east of Boulder, Colarado, 
had a low noise level. The great-oircle distance between the Nevada 
teat site and the Boulder site is 1005 ke. 


For the broadband vaveform measurements, one output of the cathode- 
follower unit went to the oscilloscope through a bandpase filter de- 
signed to reduce 60 ops pickup and interference from radio range and 
local broadcasting stations, The oscilloscope vas wodified to permit. 
self-triggering with either polarity of incoming signal, The brosd- 
band pulses were recorded from the oscilloscope using a 35 um casera 
with @ file speed of 10 inches.per second, : 


Other outputs of the cathode-follower unit went to the narrow- 
band, low-frequancy receivers having bandwidths of about 422 cps, 
These receivers were tuned to frequencies of 15 and 30 ko. A receiver 
with a bandwidth of 3 ke was tuned to « channel near the mexi=um 
uable frequency for the path, The pulses from the three receivers, 
together with timing marks, were recorded from a four-channel cscillo- 
ecope, using a 35 um camera, vith a film speed of 17 inches per second, 
Trigger gate pulses from the broadband oscilloscope vere mixed with 
the timing marke, so that the times vhen broadbend waveforma were 
recorded could be determined, A four-channel oscilloscope record fros 
Boulder is shown in Figure 3.75, 


In calibrating the narrow-band equipsent, the output of a Navy 
type LP-5 signal generator wae fed through a ducmy antenna to the 
input of the cathode-follover unit. The rms output of the signal 
goneratce neceésary bo match the peak deflection recorded during the 
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detection test vas obtained. Peak voltages: qustesccoiiigi ta. ese 
calibration voltages vere divided by the appropriate values: of... .~) 
antenna effective height to convert to peal valuss of. vertically 
polarized electric field, 


Since the reviprocal of the receiver bandwidth (2.3 msec) is 
much greater than the duration of the received impulses (about 0.5% 
msec), the receiver output respouse is practically independent of 
the shape of the impulse and is determined by its area, Janaky? 
confirmed that the peak output voltage is proportional to bandwidth, 
for bandwidths lese than about 20 ko. 


After the test series was over, it vas found that the 15-ke ree 
ceiver used at Boulder had previously been modified for another ap- 
Pilcation. The same wodifications vere wade on an RHA receiver -in 
the Washington laboratory, and the bandwidth was found to be 630 aps, 
Without the modifications, the bandwidth was 420 ops, Because the 
13-ke measurements made at Boulder are considered to be unreliable, 


the data are not presented. 


Amplitude calibration of the broadband equipment was made by 
connecting the standard signal generator to the input of the ’ 
cathode-follower unit and obtaining the rms output necessary to pro- 
duce one centimeter peak-to-peak deflection on the oscilloscope. This 
sensitivity calibration was made at only one frequency, since the | 
equipwent, from cathode follower to the output of the oscilloscope, 
has a flat response over the bandvidth usud. However, due to the 
loading affect by the equipment on the antenna, at the lowest fre- 
quencies, the response of the installetion was 3 db down at @ fre- 


quency of 12 ke, 


Two different methods were used to obtain the values of antenna 
affective height, and the results of these two oethods are in fair 
agreenent, It is thought that nearby overhead pover lined vere re- 
sponsible for the inconsistent results cbtained in measurements of 
field strengths from distant, very low frequency stations. 


The antenne at Boulder was 31.5 faes long, the bottom end of 
whioh was & feet above the earth. A 6-foot hortzontal lead-in vire, 
also & feet adove the earth, was conmected to the cathode-follover 
unit. An 8-foot vire extended from the cathode follower to @ ground 
steke, This antenna was considered to be 40 feet (12 neters) long, 
with its base at the ground. Using formulas by Xing and Blake! the 
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¢ : 
7 effeative height of the antenna (for the open oiroult case) vas 
Unfortunately, the equipment loaded 7 


calculated to te 5.7 netere, 


the antenna, The equivslent cirautt of the antenna. 


end the input 


aixreuit to the cathode follower are shovn in Figure 2.7, ‘The air- 
cuisS values vere odtained from radio-frequemy bridge neasurenents. 
C 


Sy 


Antanna Equivalent Circuit 


Boulder, Colorado 


4 


Ca «= antenne aspacity, Te utd 


C, = antenna base capacity, 
15 pptd 


ce 


C. « input capacity to cathode- 


follover unit, 30 pyfd 


= input resistance to cathode- 
follower unit, 700, 000 ohms 


The ratios of open-circuit antenna voltages to voltages supplied 
to the input of the cathode-follower unit, 


a series of frequencies, 


Vol¥ 


i» were calaulated at 
The values of antenna effective height realized 


at frequencies between 5 and 30 ke are the product of the theoretical 
effective hetght of 3.7 meters.and the appropriate values of V/V, 


as shova in Table 2.1. 


TABLE 2.1 


CORRECTED EYFECTIVS HEIGHE OF ANTENNA AT BOULDER 
Effective Height (meters) 


f (ka) 


Vo 


0.24 
0.40 
0.48 
0.57 


e 
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0.2% = 0,88 
0,40 o 1.3 
0.48 a 1.8 
0.57 » 2.1 
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Since the peak in energy cocurred at frequang 
corresponding effective hetaht of 1.4 meters wae use “galouls 
the valuge of energy recorded at Boulder, , Althougt: thig' 1 ered 
it te a good approximation, since the effective height ie lese thas: 


The equivalent values of field strength recorded at different 
frequencies were calculated by dividing the peak-to-peak voltage 
deflactions obtained on the oscilloscope, by the proper yalues of 
antenna effective height. 


2.5 DESCRIPTION OF INSTRUMENTATION USED AT WASHINGTON, D. C, 
SSS een AS eet a ERY Ue Ge 


The recording site was located at the CRPL Field Station at 
Ft. Balvoir, Virginia, tvelve utles aouth of Washington, D. C. This 
is at a great-circle distance of 3400 km from the Nevada Proving 
Ground, 


The arrangement of the recording equipment is shown in the dlock 
diagram of Figure 2.8, ‘The vertical antenna vas 21 feat Long, with 
the bottoa end about 3 feat above the earth. It was located 50 feet 
from the recording building and connected to a cathode-follower unit 
direatly at ite base, Coaxial cables vere run from the cathote~ 
follover unit to the equipment inside the building, 


Yor the broadband ceasurements, a Tektronix type 121 preamplifier, 
& filter unit, and « Tektronix 513-D Cecilloscope vere used, The osoil- 
loscepe was modified to trigger on either polarity of inaoming signal. 
The waveforms vere recorded from the oscllloscope using 3 35 om 
camera and a film speed of 10 inches per second. 


U. 8. Navy type RBA receivers, having a bandwidth between 3 db 
pointe of about 420 cps, vere used to record pulses at frequencies 
of 15 and 30 ke, A high-frequency receiver, vith a bandwidth of 
about 3 ke, was tuned to # channel near the maximus usable 
fox the path. The pulses from the three receivers, together vith 
timing marks, were recorded from a four-channel oscilloscope using 
a 55 mm strip camera, and a film speed of 17 tuches per second. Trig- 
ger gate pulses from the Tektronix oscilloscope vere mixed vith the 
timing marks s0 that 1t was possible to identify the exact tines vhen 


broadband pulses vere recorded. 
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In calibrating the narrow-band equipment. the siinal:generatos 
Gutput vas connected to the input of the cathedg-fol lover’ wnit::: - 
located at the tase of the antenna, The voltage cutpute of the 
. signal ganerator required to match the peak deflections recorded 
during the detection teats were used vith appropriate values of 
antenna effective height to obtain equivalent values of vertically 
polarized electria field, . 


The filter unit vhich vas used in the broadband equipment vas 
designed to reduce 60 ops pickup and to provide a Gradual cutoff at 
frequencies above 100 ko so as to reduce interference from broede 
cast stations. For Shots Mo, 1 through @ it was necessary to use 
an additional filter in the broadband equipment to reject station 
NSS at a frequency of 18 ka. This station, which is located at id 
Annapolis, Maryland, only 30 miles away, produced severe inter- 
ference. Since the peak in energy occurred at frequenciés near 
15 ka, the neceasity of using the NSS rajeation filter vas nost 
unfortunate, An arrangement was finally ude with the Navy which 
resulted in N39 being off the air for Shots No, 9, 10 and 11. Thus, 
the NSS rejection filter vas not used for these events, 


Tvo methods were used to determine the effective height of the 
antenna, By measurement, the effective height at » frequenay of 16 
: ka vas found to be 2.9 meters. Using formulas by King and Blake}, 
& value of 2.1 meters was calculated. 


The equivalent circuit of the antenns and input cireuit. te the: 
cathode-follover unit is shown in Figure 2.9. The cireuit values 
were obtained from radio-frequency bridge measurenents. 

Ce 

Cc, = antenna capacity, 65 pufd 


= antenna base capacity, 
Cy 
3 wuta 


| Cg = input capacity of cathode- 
Antenna Equivalent Clreuit follower unit, 30 yyfd 
Kashington, D. ¢, R = input resistance to cathode- 
Figure 2.9 follower unit, 780,000 ohas 
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eirauit antenna voltage to voltage. supplied 


to the input of the cathode-follover unit, Vo/Vy » vere calculated 
at & series of frequencies, The value of antenna effective height 
used in this report, vhich is the product of the antenna effective 
height for the unloaded case and the appropriate value of Vo/V¥a > 


ie 1.4 meters. 


TABLE 2.2 


CORRECTED EFFECTIVE EIGHT OF ANTENNA AT FP. BELVOIR 


f(ka) Vo/V4 
5 0.62 0.€ 
10 0.66 0.66 
sy] 0.67 0.6/ 
30 0.67 0.67 
100 0.68 0.68 


x 
x 
x 


x 
x 


2.1 
2.1 
2.1 


2.1 
21 


Effective Height (meters ) 


1.3 
Los 
1.4 


1.4 
1.4 


The above results indicate that the overall response of the 
broadband equipment, including the antenna but without the N¢S filter, 


is flat within 1 db from 5 ka to 100 ko, 
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CHAPTER IIL 
DISCUSSION OF PHOTOGRAPHS 


3.1 GENERAL 


The photographs recorded at the Nevada Proving Ground are not 
grouped according to shot sequance in this report. Photographs 
of some of the pulses recorded at the Nevada Proving Ground and their 
corresponding frequency functions have been arranged on adjacent 
pages so that they may be viewed at the same tine. Additional re- 
cords for each shot are presented on the pages following the presen- 
tation of frequency functions obtained at the Nevada Proving Ground. 
The frequency Minotions were computed ty Fourier analysis from: the 
recorded pulses and are plotted in percent of maximum amplitude as 
a fimation of frequency. 


The pulses were photographed through a centimeter grid, but all 
of the photographs have not been reproduced to original size, When 
scaling values of amplitude and tine from these records, the grid 
Lines on cach figure should be considered as being 1 centimeter apart. 


The great-circle propagation distance frou the Nevads Proving 
Ground to Boulder, Colorado, t= 1000 km, and all of the records 
recorded at Boulder have the caption "1000 ku from ground zero". 

The records made at Ft, Belvoir, Virginia, near Washington, D.C. are 
ladelea "3400 ke from ground zero”, 


Occasionally it will be noted that the Leading edges of the 
pulses recorded on the four-channel records are not in alignment. 
This condition ccaurred beaause the spots of the four-beam oseillo- 
scopes were purposely staggered to prevent overlapping of the usrrow- 
band responses and does not imply any lack of simultaneity in re- 
coming the different aspects of the phenomena. 


3.1.1 Discusston of Photographs from the Nerade Proving Ground 


Shot No, 2 


In preparation for this test the value of antenna effective 
height was estimated, and the expected value of field strength vas 
calaulated using the following expreseion which was suggested by neubers 
of the Loe Alamos Soientifis Labovatory, 
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= bomb yield in kilotoms = 16 
= distance in alles « 9,1 
= field strength (volts/meter} » 50 v/n 


DS Se re 


This eupirical relation wes determined from date recorded during 
Operation IVY but had not been tested for boabs of seallar size. 
The gain of the recording equipment vas adjusted to perait record- 
ing a field strength of 50 v/a, and « sveep rate of 250 usec/cu 

vas used. As seen in Figure 3.9, the data is of Limited use because 
the dynamic range of the recording equipment vas exceeded, and the 


sveep rate was too slow, Hoe 
ahot Ko. 2 SectioaG-UG) Section 6.2 (a) 


-kilocton weapon, was detonated 


vas a 2h 


Shot No. 2) whie 
00+ 


The seme pulse, recorded vith « 50 
psea/cm sweep rate, {ss Figure 3.2%, and vith « 1 ps0c/cm 
sweep rate in Figure 5.25. ‘The latter shove the vise tise of the 
firat negative pulse. Figure 3,518 a reaand of sky-vaww reflections 
obtained using broadband equipment and a siow sweep rate, The fires 
envelope corresponds to the energy received directly from the source, 
The first sky-vave refleation, which hee a relatively small amplitude, 
oceurs at about 550 ysee, corresponding to « virtual height of re- 
flection of about 83 km. This expertuent is discussed later in this 
report. 


Shot ifo. 3 


Figure 5.35 shows the pulse recorded from 9 0.21-kilotos 
veapon, detonated on top of a 300-foot tower, ‘The peak amplitude 
ia about 125 v/a, The corresponding frequency fimetion, Figure 5.5 
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revdite' that although the 
the peak ie not nearly as sharp ag that for Shot fo. 2s A fast 
sveep presentation, Figure 3.27, reveals the rise tive and duration 
of about 3.3 sec of the negative pulae. The same milse, récorded 
at a distance of 43.6 ka from ground zero, is shown in Figure 4.29 
Note that the same pulse shape vas recorded at this distance as ab 


18.6 km (Fig. 3.3). 


Shot No. 4 


Figure 3,6 shows a pulse recorded from an 11-k4loton 
veapon, detonated at « height of 6022 feet above the earth, Note 
that this waveform is not the sane as those recorded from. boubs- 
detonated on top of a 300-foot tover. Although the first half cycle 
is in the negative direction, this component is of much shorter time 
duration than for Shots No. 2 and 3. The peak field strength of 
about 86 v/m seems to be low, considering the yield of the bomb. The 
frequency function, Figure 5.9, indicates an energy peak at a fre- 
quenay near 28 ke. A record made with the gain controls set in 
expectation of a larger field strength ie shown in Figure 3.30% 
Figure 3.31, which was recorded using a fast sweep rate, details the 
negative portion of the pulse, Figure 3.32 is a vertical incidence 
measurement, indicating that the original horizontelly-polarized com- 
ponent’ was reflected frow an tonospheria layer height of about 83 in. R 
Figure 3.33 is a record of responses to the pulse by narrow-band re- 
celvers tuned to 2, 5 and 15 Me. The timing darks are recorded on 
the bottom trace, Figure 3,34 19 the same pulse recorded in the 
presence of noise at Site 7,18, 43.6 im from the source, The arrow 
indicates the waveform which 1s thought to be the desired one, be- 
cause it has the same shape as that shown in Figure 3.6, The posi- 
tive peak value of field strength in Figure 3.3% ts about 50 v/mwy 
however, that of Figure 3.6 is about 86 v/m. The antennas used at 
the two sites were of the same length, but only the antenna at the 
main site was calibrated. The difference in field strengths may he 
due to the fact that the two antennas were at different heights above 


the earth. 


Shot Ho. 5 
Figure 3.7 is a pulse recorded from the second smell 
bomb, which had a yteld of about 0.22 kilotons, and was detonated nN 


from the top of a 100-foot tower. An automatic camera shutter cloe- 
ing mechanism produced the noise pulses which are seen as three hort- 
zontal lines extending across the photograph, ‘The first half-oyele 
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Shot No. 6 


Figure 3.12 shows the pulse recorded at a range of 27... km 
from a 24-kiloton weapon, which vas detonated froa a 300-foot tover, 
The first half-cycle is in the negative direction and has a duration. 
of about 18 usec, and the frequency function, Figure 3.15, peake at 
about 15 ka. The came pulse, recorded with a sveep speed of 5 ysec/cw, 
is seen in Figure 3.38; the total sveep tine was not of aufficient 
length to perutt the trace to return to the zero axis. Figure 3.39 
shows the rise time of the negative phase of the pulse, using a sveep. 
rate of 1 ysea/cm and e@ total sveep delay time of about 0. yeee. The 
peak field strength recorded at 50 ku (Fig. 3.42) is 1.2 times greater 
than that recorded at a distance of 27 ke (Fig, 3.12). This incon- 
sistency in peak field strength vas also observed for Shob id, 4, 
Since an antenna calibration vas made at the 27-km site and not at the 
30-km site, the values of field strength recorded at the 27-ka site 
aré wore reliable, Figure 3.40, cbtained using a aveep delay of .4 
usec and very high gain, reveals a amall positive componant inuedi- 
ately preceding the large nogative phase. The cause of this positive 
movement is not known, but it vas also recorded at another station 
operated by the Los Alamos Scientific Laboratory 4, Figure 4.41 is 
& record shoving responses to the pulse by narrow-band receiver tuned 
to 5 and 2 Me, On the timing trace # seconds mark is shom on the 
extreme right, and a 40 msec timing mark appears ivmediately below 
the 2 Me receiver response, Figure 3,42 is similar to Figure 3,39, 
except that the latter vas recorded using an external delay line 
which gave a sweep delay of 0.2 sec. 
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«43 vas obtained with ap overall sweep 
delay time of 0.5 secs a very high gain vas used so that the min 
negative phase saturated the equipment. The early detail consisted 
of an initial negative pulse, followed by a small positive pulse, 

and finally by the min negative one. This detail wae aleo chaerved 
vy the Los Alamos Seientifia Laboratory group at a saparate site, 
Figure 5.46 shows the response to the pulse. recorded from the narrow- 
band receivers, tuned to frequencies of 5 and 2 Mo.and slso shows. the 
time reception of these pulses as determined from the timing marks on 
the bottom trace, 


Shot No, § i 


Shot No, 5 was « 


-kiloton weapon detonated at a height 
of 2423 feet above the sarth, 


scope, on loan from the Los Sotentifia Laboratory far only 
Shot No. 8, wae used to record the rise time of this pulse. Since the 
DLT osailloscope is capable of reproducing pulses with faster rise 
times than the 513-D oscilloscope, an attempt wae made to compare the 
rise tines recorded by the two seta of equiprent, Unfortunately, this 
comparison was not successful because ringing occurred in aa antenna 
lead common to all 513-D oscilloscopes, see Figures3.47 and 3.48, and 
too mich gain vas used in the 517 osailloscope, vhich was driven near 
the point of saturation at the 37 v/m level. The peak amplitude of 
thia pulse was about 300 v/m (Fig. 3.15). ~ 


Shot No. 9 


The pulse recorded at # distance of 14 km from this 27- 
kiloton weapon, which vas detonated from # 300-foct tower, 18 shown 
in Figure 3,18, The peak of the frequency fimetion of this pulse (Fig. 3.21) 
occurs at about 17 ke. ‘The pulse, recorded at the sane distance but 
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at a different site, is seen in Figure 3.52, : UR CF mets 
are very simflar, and the peak value of field. strengtt 1s about: 648: 
v/a in doth casas, High-frequency responses recorded at fréquencies 
of 5 and 2 Ma, and the timing trace, are shown in Figure 3.51. 


Shot No. 10 


Figure 3.19 saows the pulse recorded at 18.5 km from the 
15-kiloton cannon shot, which was detonated at s height of about 300 
feat above the earth. The negative half cycle is seen to have @ sharp 
spike which was not usual with the 300-foot tower shote. This same 
spike is also evident in Figure 3,53, which was recorded at 4 distance 
of 14.4 km, The waveforms of both pulses are similar; each has a 
negative peak amplitude of about 580 v/m, The peak of the frequen 
function, Figure 3.22, for the pulse shown in Figure 3.19, occurs at 
about 24 ke. Figure 3.54 shove the rise tine of the negative phase, 
using a sveap delay time of 0.4 usec. The same pulse, recorded at a 
different site, is shown in Figure 3.56. ‘The peak auplitudes of both 
negative pulses are about 590 v/a. Figure 3.55 ie the narrow-band re- 
cord, showing high-frequency responses at 5 and 2 Mo. Figure 3.57 is 
4 record of early rise rate, using high gain and a 0.4 use sveep 
delay tine, Ho positive or negative precursors vere recorded in ad- 
vance of the min negative pulse, This result was confirmed by 
wenbers of the Los Alamos Soientific Laboratory. 


Shot No. 21 


Shot No. 11, having a yiel4 of about 61 kilotons, was an 
air drop datonated at a height of 1350 feet above the earth, ‘The re- 
corded pulse is ahown in Figure 3.20, and its frequency fiinction is 
shown in Figure 3.23, with a peek at about 18 ke. A comparison of 
thia record with that of Shot No. 4, another air drop (Fig. 3.6), 
reveals some significant differences. The radiation pattern from a 
high air drop night be different from that of a low ei drop, and 
due to different angles of reflection from the ground, differences in 
the waveforms of received pulses vould be produced . The record 
shown in Figure 3.58 reveals the rise tine of the negative phase of 
the pulse. This record wae wade using & 0.4 seo sveep delay tine, 
Figure 3.59 shows the positive detail recorded in advance of the 
main negative phase, This record vas made using a 0.4 usee sveep 
delay time, and it vas necessary to use a very High gain tn order 
to see these small positive precursors, . 
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All of the narvow-band records recerded at Boulder are 
similar in appearance, The very~-lov-frequency receiver's vere tuned. 
to 15 and 30 ke throughout the test series, whereag the high-frequency , 
receiver vasa tuned to = channel near the maximum usabl@ frequency; 
Figure 5.75 is @ typical record of narrow-band receiver responsed. 
The responces recorded at. 13: and 50 kq have @ steep. front and @ slow 
decay time, due to ringing. produced in the receivers, The receiver 
output response is independent of the shape. of. the received pulses’ 
however, the peak amplitude of the receiver response is related to 
the energy of the received pulse, Osatlloscope arid lines: vere 
photographed vith the pulses and appear in the illustrations sa 
equally spaced horizontal lines, The respouse recorded ata fre- 
quency of 2.99 Me is composed of a number of individusal pulses which 
arrived at different intervals of tiue, depending upon the number of 
modes reflected froma the ionosphere, and the propagation delay for 
each. The film speed of 17 in/sec is too slow to clearly separate 
these individual pulses since the tine intervals are of the order 
of 100 psec. A 40 usec time interval is shown, and it is terminated 
vy a one second mark, The sualler square pulse on the time trace is 
the pulse gate output uark from the Tektronix oscilloscope and in- 
dicates that the broadband receiver recorded a pulse at that time, 


: Figure 3.7) shows a time comparison made betveen a WHY 
seconds wark (consisting of 3 cycles of 1000 cps) and.a seconds 
pulse from the timing unity Note that the pulse from the tiner 
lege the beginning of the WHV seconds pulse by about 1.6 milit- 
seconds, This lag was corrected by adjusting a phase shifting con- 
trol on the frequency divider unit. A better agreenent is shown 
in Figure 3.77. In Figure 3.70 a seconds pulse from station WHY 
ia followed by @ seconds pulse received from WWVH about 10,6 
milliseconds later. The timer unit vas not in operation for Shot 
No, 8 at Boulder. It was necessary to record station WHY directly 
on the timing trace ss seen in Figure 3.63. Note that the bho ops 
steady tone ends just before the pulses from the detonation vere 
recorded. The large pulse on the timing trace was also received 
from the detonation at a frequency of 5 Mu. 


Details of the shape of the pulse for Shot lo. 6 as 
recorded by the broadband equipsent, are showa in Figure 3.76 Note 
that the first half cycle i@ negative. The duration of the min 
part of the waveform ts about psea, tut a half cyele of small 
amplitude ie seen to ocour at about 450 ysea. The second half 
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AN TEE a pene amplitude of about 0,67 v/a. In Figure 3.76) which 


" tg the frequenoy funation fos this pyle, i$ is seem that the peak, 


of the frequency finction is neay 12 ke. Comparison of the vavefora 
of thie pulee with that recesded at a. distance of 27 lay at the: 
Nevade Proving Ground (Fig. 3.12)) shows tha®.the cna recorded: at. . 
1000 fe is about 4 tixes as long, and appears ta be composed of 

a series of pulses of the type recorded at 27 km. By comparing 
the frequency functions of these pulses recorded at the Nevada 
Proving Ground with those recorded at Boulder, Colorado, the of, 
feate of propagation can be seen. The peak frequency ie shifted 
by propagation from about 15 ke to about 12 ko, and the fraquency 
components above 16 ke are strongly attemuated, By comparison, 

the amplitude of the frequency components delow 12 ko are not at- 
temated nearly as wich as those above 16 ke, Thus, the effect on 
the vaveform produced by propagation is gimtlay to that produwed by 
a low pass filter. 


Additional records obteined at Boulder, vhich may be 
interpreted in the eque manner, appesr in Figures 3.76, 3,51 and 
3.84, Figure 3.90 is a chart plotted to give propagation delay 
tines between successive nodes over a 1000 km path as a function 
of ionoapheyic layer height, paxametrie in number of ionospheric 
reflections. This chart vas used to explain the composition of the 
pulse shown in Figure 3.74, From this chavt, aasuming @ layer height 
of 60 km, the firat-hop sky wave will arrive about 60 ucae later than 
the ground-vave component, secon the sesond-hop sky wave vill 
ve delayed 185 psec, the third hop 300 pses and the fourth hop 640 
usec, with respect to the ground vive arrival tine. It 1s reasonable 
to attribute the first tvo half-cycles of the pulse in Figure 3.74 
to ground wave and the latter partion to ‘sky wave. A change in wave- 
form, consisting of 4 half cycles, cecurs after about 60 psee, cor- 
responding to the time of arrival of the first-hop sky wave, The 
firat-hop sky vave arrived with an appareat reversal in phase. Some 
vorkers? claim that the first-hop sky vave is received with a phase 
reversal, Likewise a change occurs after 165 usec, corresponding to 
the arrivel time of the second-hop sky vave. ‘The two half cycles of 
amall amplitude, beginning after 640 usea, correspond to the tise 
of the arrival of the thirdshop sky wave. The caloulated tine of 
arrival for the third-hop sky vave is 300 ysee and approxicates the 
beginning tine of a series of about 6 half cycles of very seal) 
amplitude. No further osaillations, due to higher propagation 


odes, are discernable. 
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The time intervals used in. the above beeen F COrresp 


frequencies. It is known® that an effeat. produced: by. sunri 
the propagation path is a decrease in the refleation:. heights: , Since: 
sunrise cocurred along the path of propagation for the pulse under 
consideration, 16 ts likely thas different reflection: heights: would 
be obtained for cach mode. For this reason: the use of: propagation 
delay intervals corresponding to # constant layer. height, is. not: 
rigorously correct. The low mumber cf sky-wave reflectionsis evi- 
dence of high absorption along the path. Under. conditions of. low 
absorption along an all-derkness-path, it ie not unusual to receive 
ten or more modes of reflection frou distant. atmospherics: 


3.1.3 Discussion of Washington, D. 0. Records 


Figure 5.98 18 typical of the narrow-band receiver re- 
sponses recorded at Fe. Belvoir. Two U. 3. Navy type RBA. tinmed- 
radio-frequency receivers, each having « bandwidth of about 420 ops, 
vere used to record pulses from detonations at Crequencies of 16 and 
30 ke. The lowest frequency receiver at Ft. Belvoiy: wae tuned to 
16 ko instead of 15 kc, Hovaver, by referring to the frequency 
funotions of the pulses racorded at Boulder and Ft. Belvoir for 
Shots No. 9, 10 and ll, it cam be seen that the difference in aupli- 
tudes received at frequencies of 15 and 16 ke is very small and usy 
he neglected for. the purposes of this report, The tdp trace showm 
in Figure 3.99 shows the response of the 30-ke receiver, which over- 
laps thet of the 16 ke receiver. A very smumll signal was recorded 
at 10 Me. A 4O meec time interval can be seen on the timing trace, . 
and the pulse on the right is a seconds marker. The pulse on the 
timing trace at the detoration time is from the Tektronix oscillo- 
scope, indicating that the broadband receiver recorded s pulse at 
that time. A few responses with sumll agplitude, due to distant 
atuospherics, can be seen on the 16 ke channel, 


The pulses recorded by the broadband recedvere at Ft. 
Belvoir can de intexvpreted in the same nanner as those recorded 
at Boulder. 1% mist be borne in mind that a dand-rejaction filter, 
centered on 18 ke, distoyted all records from Shote price to Shot — 
No. 9. For example, see Figures 3.97, 5.99 and 3.101. For this 
reason frequency fimections of the pulses are displayed only for 
Shots No. 9, 10-and 11. Suitable records, which vere recordad 
abt Boulder and 7%. Belvoir for Shots Ho. 9 and 10, show effacts of 
tonospheria filtering. ‘The puises recorded at Ft. Belvoir are 
simpler in character than those recorded at Boulder. The ainor 
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ripples: ow: the rate Piguyam Toe 3, 10%, 3,103) 3.106, are ave; te. 
interference and are not a part of the desired signal... 


The around vave attenuations (referred to the value, ne a) 
for « 3400 ‘os path is about 60 db over good earth, Therefore;..the 
around-vave pulse wae not received at Ft. Belvoir. Using rey theory, 
the angle of arrival for the first-hop sky. ave ie a negative ones 
and there is no evidence that.the first-hop aky vave was: received: at 
Ft. Belvoir, Asmuning an ioncepheris layer beight of 60. km: there 
will be approximately a 50 psec delay ‘see Figs 3.112} between the 
avyival of the third- and fourth-hop sexy wave and about. 120 sec: 
delay. between the fourth- and fifth-hop sky vave. Referring to, 
Figure 3.106 it is assumed that the first tvo uslf-cyeles correspond 
to the second-hop sky ware. The third half-cycle is aeem to arrive 
about 50 pseo after the beginning of the first half-oyole, and the 
third and fourth half-cycles are taken to be the third-hop sky-wave 
reflections. Siuilarly, the fifth and sixth half-cycles: correspond to 
the arrival tine of the fourth-hop sky wave, 


Reproduations of additional records obtained at Ft. 
Belvoir appear in Figures 3.91 to 3.112. 


SN SLEISOIT eli OSI SL SONA NEES SY BOOBY RG SSMU EN EEL ISAS SEM EERE RLY ET RGAE ay 


‘ Si si capstan slilessesateonecssinsa mses nse tees 
Seyi ee nit ee ae ee ISS eis cpap 


Le ae et OG SD 6 atom TNE ee 


DECLASSIFIED IN FULL 
Authority: EQ 13586 
Chief, Records & Declass Bly, WHS 


"FAN 9 2.2013 


ze stein zs Senseo tate 
Seat ii 
SNES ES Oe BOE HOO I ETL AE NEE RO 


2 z 5 sateen URSA RE DESY BEE SAE GNSS SLCC re ee 
eR SIE TINY ANS BENE CAG TASB 


DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 


Date: JAN 0 2.2053 


pps Re re ee 
ROPE IE re, 
eB Fas’ dep 02ers ord of 


Se are rmameen pr mee 
s 


das ” Pte, 3,94 
“bani responses 
10 .02He Narrow 
mae Shot No. 3 
3400 ka frow ground zero ‘ 
16 ka 
ne ‘Pig. 3.95 


Nayrow-band responses 
B aes 


Shot No. & 
3400 km from ground zero 


Figs 3.95 


Narrow-bend responses 
Bhot to, 9 
3400 ke frow grow zero 


<u> 


16 ko 


re dann, Leg Dis OA a AP 


oe mere aE! 


DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & Declass Div, WHS 


bate’ JAN ) 2.2013 


' 


‘ 


Pigs, 3.98: 


-133 v/o/en 


81 


DECLASSIFIED IN FULL 
Si EO 13526 


DOrds Ny Declass Div, WHS 


N 0 2.2083 


a wadand Enerecee™ 
Wa shot Noy T 
> +100 ke srcm: Grvona 2ex0 


: Pha. 3-10% 


Brosdband pulse 
Shot Xo. & 
3400 km from ground zero 


-115 v/e/ca 


Pigs 3-102 


Narrow-band responses 


shot No. 8 2 
e 
<p> 
16 xe 
m +~—40 tiseg monet 
& 
seenhs 


tawe 1 


fat fe LEI OR Ni 


etal 


eee 


DECLASSIFIED IN PULL 
Authérity: EO 13526 
Chief, Records & Declass Div, WHS 


Date: JAN 0 9.2013 


Fae nl aN SEI Ct 
Are REN A OAT MANES DI RN 


DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 


eae SAN 0 2014 


cr 


3é Tige 5.106, 


E.” Broadband pulse 
" Shot No, 10 
a 3400 ka from ground zero 7 


| g Fig. 3.107 
3 Narrow-band responses 


Shot Ho. 10 . 
3400 ka from ground zero 


Fig. 3.108 


Frequency function of 
broadband pulse 


Shot Ho, 10 
3400 ke from ground sero 


<> 


40 
Frequency in ka 


fhe 6 ’ States within the meaning of (he epelene ae tems, | 


uernetasaoies vias Sa oy se Sa ee ae Pe IRR IAIN NESE 


nl SA sit ml SLBA ENE A ARACEAE PSU aca saacen Pee 


DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 


Pte JAN 0 2.2013 


oe mee a elt A Peaay 


Fig. 3.110 


Rarrow-vend responses 
Shot No. 11 
3400 ke from ground zero 


a 
TITTLE 
El OB Gas ES a 
COPE] =e 3a 
Ped ECT 12) peesausey hicsuton G0 Beoeds 
PCE 
ice ee 
rt Ty Ere y 3400 ton from ground xere 
TT Peele : 
= eee <a> 


# - seis eae ia 
ia a tet tin che SNS PaO SaRE iia ile aaa 
PURE AS i BEARS eset saesrasisie 
2 re 


DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & err i" WHS 


Date: JAN 0 2.20 
| ia 
oy » 
| Fei “@°2 
Sone ie. ae 
i D4 - a 4 

EFT TCE Enira, «63 
« 25 
ACCOM Oore aa 
Qo 
: FPN is] <8 8 
eCNCCATLIKN , 2 
: TREVIT = a 
FCIN LICE A eed 
AN We 
CCEA as 
ECCONCACIC ob 2 
AissesvereetttLee 
e427 TT TRCN 
PBECCCC CAC ANTI, 2. 
ee 
Hoo 25 
eee ee "3 
: BAONODAS OWDIN —— JONI IddIG IATL S 
rs 


nel 
5 afew A ag wenel ogee 
4 


ek Cort a 
SOR ican leg ay | 
a 3 \ 
i. oa 


sey! 


2 CS A AUB ET EAGER ee 


DECLASSIFIED IN 
culhonly: EO4 3523 
hief, 
- af Records & Declass Div, WHS 


JAN Q 2.2013 


CHAPTER IV 
DISCUSSION OF RESULTS 


4.1 ACCURACY OF TIMING AT ALL STATIONS 


Measurements of virtual time of detonations vere made at all 
sites, including Stanford, (No discussion of other ceasurements made 
at Stanford are given in this report.) Detonation times vere con~ 
puted from the observations at each recording site in accordance with 


the folloving 


T> = time of reception of pulse at recording site, 
using WHV (or WWVH) time as received, un- 
corrected for propagation delay, 
time of propagation of standard YWV (or WHVH) 
time signal to recording site, 
tT « time of propagation of pulae signal to record- 


ing site. 
tT * tT, +T, - T, = astronomical time of detonation. 


ie] 
w 
4 


TABLE 1 


PARAMETERS FOR COMPUTING ASTRONOMICAL TIME OF DETONATION 
séc 


Station Ts; t T. - 
Nevada Proving 

Ground 0,0115 0,000 0.0115 
Boulder 0.008 0,008 0,008 
Ft. Belvoir 0.000 0,01L5 -0,0115 
Stanford 0.014 0.002 0,012 


After the approximate detonation tines were known, factors such 
as the relative auplitule of the 13 and 30 ko signals, the time co- 
ineidence of pulses recorded on the three narrov-band channels, and 
the appearance of the broadband vaveforms nade possitie, in cost 
canes, the selection of the correct pulse of sack station, When sore 
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accurate propagation times had been determined, i.e. the delay in 
arrival of signals from HWY and the actual delay tive of the pulse 
traveling over a known distance, the exact datonation time at 
Nevada Proving Cround-vas calculated. The results of such calcula- 
tions are tabulated in Table 4.2, which shows that all of the de- 
tomation tines agree to within 3 milliseconds, with one exception, 


TABLE 4.2 
DETONATION TIMES OBTAINED AT BACK STATION 
Shot 
No. Date Nevada Boulder Washington Stanford 


Mar. 17 1320:00.340 = 1320:00.329 =: 1320:00.341  1320:00.339 


1 
2 Mar.2h 1310:00.099 1310:00.099  1310:00.100 1310:00,100 
2 Mav.31  ——-1300200.007 —1300:00,006 —1300300,009 + 1300:00.006 
Apr. 6 Magioeenes 1529138. 42k 1529138. 152 net 
§ Apr.ll 1244:59.795 i2b4:59.791 1244159. 1244159. 
6 Apr.18 1254:59.972  1234:39.970  1234359.971 1234:59.972 
4 Apr.25 1229:59.T72 1229159,773  1229859.773 1229159.773 
May 8 = 1529255.37%  1529155.375 1529355.377 1529155.375 
9 May 19 159-542  1204:59, 542 359.543 359.52 
10 May 2% =: 1550:00.351 =—1530:00,348 =1550100.351 1530300,350 
11 June S 1115156,692 = Mo record = 111143 56.692 11141 56,691 


4.2 Discussion of Blectromgnetic Radiation and Ite Pr tion 


It te clear from the foregoing that the explosicn of an A-bomd 
gives rise to a pulse of electromagnetic radiation, the principle 
enervay of which lies in the very low frequency part of the radio 
spectrum with its maximum lying between 15 and 60 ka, for weapons 
of the elzes used in the UPSHOT-KNOTHOLE tests. It is also clear 
that the radiation is predowinantly plane-polarizsed with ite electric 


veotor perpendicular. 


Until a satisfactory model of procese has been developed 
1% may de assumed that the radiation 1s substantially the sane as 
that radiated by shock-exciting a low-frequency, highly-damped 
antenna. We will assume that this antenna is shart as compared 
with the vavelengtD at which the energy has a mxinum, and that one 
end is ab ot close to the surface of the earth, 
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Vertical antennes Located ag other pointe on; om close, 
surface of the earth, will receive energy: from thie: source. by: save: 
eral modes of propagation, each of which ham different propagation” 
characteristics, These modes are the surface vave ond..the several 
oky vaves reflected by the. ionosphere. At very, grea’. distances, ' 
where propagation is achieved by multiple reflections from the 
fonosphere, the situation is similar to that experienced in vare 


guides. 


4.2.1 Ground-vave Propagatiog 


Energy propagated in the ground wave is attenuated by: 
three principal factors, namely, spreading out of the wave, absorp- 
tion of the energy by the ground, and diffraction around the earth. 
This latter factcr becouss important at great distances. Over 4 
plane earth the density of energy is given by 


g = (3/2) eo (1) 


vheve E, 16 the energy at unit distance, 4, the distance at 
which the energy ts observed, and a, an attenuation index depen- 
dent on the electric conductivity and dielectric constant of the 
ground, Thus at distances close to the source, the inverse distance 
effect is greater, vhile at greater distances absorption becomes tore 
important. At’ distances much over 1000 ku the effect of the curva- 
ture of the earth becomes important and losses due to diffraction 
around the earth must de taken into account in addition to the losses 


mentioned above, 


4.2.2 Sky-wave Propagation 


Most of the energy radiated from our assuned model is 
propagated upward through the atmosphere and does not go into the 
surface vave, Sowe of this energy is reflected by the toncepbere 
and returned to the surface of the earth. This is knowm as one- 
hop sky-wave propagation, The returned energy may be partially 
reflected by the earth back to the foncaphere where it may be again 
reflected and the process repeated any number of time. This 1s 
known as miltiple-hop sky-wave propagation. Attenuation of the 
aky-vave codes is determined by the spreading out of the vave and 
by losses through reflection at the ionosphere and at the carth. 
The energy density at soue distance @ , due to each ude is given 
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B= (2,/4#) Rt Roel (2) 


in which EB. is the energy density at unit distance from the source 
in the direction of the central ray for that particular mode, Ry 
and R, , the refleation coeffistents of the fonosphere and the 


earth, and n, the number of hops in the mode. In most cases R, 
is considerably greater than R, and may be considered unity. 


The value which R, way asstme covers a wide range. 
It depends on geographia location, tina of day, season of year, 


’ asimuth of propagation, and angle of inoidsance on the ionosphere. 


For auall angles of incidence, 1,6. vhen the energy is propagated 
nearly normal to the ionosphere, R, is small, 0.01 of less, but 

at larger angles, particularly at night, it may approach unity. 
Because of the smallness of Ry for sumll angles of incidence, 

only the modes having a few reflections at rather large angles de- 
liver much energy at a distant point, and aky-wave modes are of 
little importance at short distances for low-frequency propagation. 
The angles of incidence are calculated on the basis of classical 
geometric optics, regarding the fonosphere and the earth as two 
concentric spherical alrrera, concave and convex, separated by a ‘ 
distance of TO to 90 km for low-frequency waves, : 


Because of differences in length of path traversed by 
the ground wave and the several sky-wave modes froa the source to a 
receiving point, the waves arriving by one code my be in or out 
of phase with respect to another at certain frequencies, This 
gives vise to regions where the signal is enhanced or diminished 
with respect to what it would de if only one mode vere active. 
However, if a transmitted signal consists of a pulse representable 
vy a band of frequencias, and the difference in travel tine by 
different nodes is such that the signals frou two or wore nodes 
merge, an alteration in the form of the received pulse cccurs. 
This reaulte in a change in the spectral representation of the 
pulse, some frequency regions being enhanced and other diminished, 
It is not poseible that enhancesent or diminution can ocow 
throughout the spectral range of the pulse. 


—— 
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4.2.3 Wave-guide Concepts 
At distances from the source sufficiently great that: 
: a number of independent, large angle, sky-vave nodes can de active, 
: the energy radiated at low angles Crom the source may: be: regarded 
’ ae trapped between the earth and the ionosphere, In this! case-it 
is convenient to consider propagation av & wave guide phenosenons 
The energy is attcnuated by spreading out of the wave; but.in: this 
case, since the energy does not apread out in three dimensions} 1t 
is attenuatad proportionately, approximately to the inverse’ fires 
pover of the distance instead of the inverse square, Additional 
attenuation results from absorption in the wave guide. The energy 
dansity at any point at distance d cay be given by 


Be ¥(6,/a) (EY (Goa) @ AAs) 3 


inwhich E, is the energy density at distance dy where one may 
begin to apply the wave guide concept, and © and 0, are the 

’ angular wseasures of 4 and a, to correct for the finite curvature 
of the earth, The index, a, ia the absorption caceffictent of the 


. wave guide, The equation may be expressed in more usable forn 
9 ~ced 
Eos K(z,/4) (aa) e (4) 


in which K is a coefficient of coupling in launching the vave- 
guide mode and FE, has the same significance as in Zquation (1), 


but @ does not have the sawe value as in Equation (1), 


4,24 Applications to Observations Reported 


We may now consider the application of these principles 
to the massurements desoribed in this report. The Nevada Proving 
Ground sites are well within the region where practically 411 the 
energy rGceived is transuitted from the source by the ground-ware 
aode. Because of the closeness of the receiving site to the 
aource, in all cases, and the low attenuation by ground absorption 
for the spectrua range of the pulse, the shape of the pulse, as_ 
received at these sites, is but Littie altered by propagation effects, 
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Ft. Belvoir is well within the regics where. the vave- 

guide model may be considered applicable, At this distance the : 
ground wave is so strongly attenuated by ground absorption and 

losses due to diffraction urouid the earth that it may be considered - 
coupletely absent. The onerhop sky-wave node delivers no appre- 

aiable energy because a direct one-hop path is not geometrically 

possible, so that energy to oxcite this code mst be diffracted 

around the aarth with attendant heavy losses. ‘Two-, three-, four- 

and higher-hop aodes are pernuiseible, and the angles of incidence 

are so great that the reflection coefficientea are large. 


The site at Boulder lies in « transition region. The 
ground wave and the one-hop sky wave deliver nearly all the energy. 
Higher order modes are also activa, but except for the two-hop 
mode, little energy is delivered by them vecause of the lov re- 
flection coefficients fox the small angles of incidence involved. 
It is convenient to assume that Boulder is at a sufficient distance 
from the Nevada Proving Cround that wave-guide approximations may 
be considered from that point outward, 


4.3% VALUATION OF PROPAGATION CONSTANTS 


Yarious constants used for calculation of field atrengths at 
low frequencies appear in the literature. However, because of , 
the very special nature of these observations, it was considered 
desirable to derive new constants from the date thenselves. 


The first step vas to calculate the total snergy density re- 
corded at each of the sites, This was done by measuring the de- 
fliectiona of the oscilloscopes caused by the pulse at regular in- 
tervals of time, At. The ordinates so obteined were squared and 
maltipliad by the square of the reduction factor for conversion of 
oscilloscope defleation to volts per aeter and by the length of ' 
the tine interval involved, The quantities so obtained vere summed 
and divided by 377 ohms to give the results in Joules per square 
water. The procedure ta represented in the following equation. 


B= ht v At/ 377 ohne (5) 


in which h@ is the ordinate in centinaters on the oscilloscope, 
v the reduction factor, and At the tine interval between 


ordinates, 
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ate: 


In addition the energy values obtained: from. the: obsérva 
at the Nevada Proving Ground vere normalized’ ta: a: distance! of 38 0°Y =: 
1 km from the source in accordance with Fquatiow.(1)i° Tite wasn (08? 
done so that energy from the vartous shots could be. compared: since... - 
the distances of the recording sites from the source were differenti.) . 
for the various shots. In naking this normalization it was ase: -. : 
aumed that ground-wave absorption over such short distances: was - 
negligible, 


The energy densities calculated for the various shots are 
presented in Table 4.3. In cases where date are lacking in the 
table, suitable records for calculating the energy ware not 
obtainad, Also the energy yalues for Shote No. 6, 7, and & at 
Ft. Belvoir are a little too low, due to the filter which was 
connected in the receiving circuit to eliminate interference froa 


gs. 
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TABLE 4, 
ELECTROMAGNETIC ENERGY RADIATRD FROM SHOTS NO. 2 - 11 


nergy Density 

Eo Observed at Energy Density Energy Density 
Shot ‘otal Ener NPG Normalized Ey Observed gt Ep Observed at 
No. Dp (Joules) to 1 kw (j/m2) Boulder (J/m*) Ft. Belvoir(j/w2) 


8.1 x 10° 1930 x 107 6299 x 1076 


2 
30.22% 108 ' 53 x 10°3 
4 0.51 x 10° 121 x 10°3 ' 
5 ox 10 28x 103 ge 

eel) 6 6 
6 10.4 x 10° 2890 x 1079” F175 x 10 .018 x 10 
7 15.9 x 10° 3800 10°33" “has x 10°6 : 025 x 10° 
8 5.7 «108 1360 x 10°3!-'"" 407 x 10° .cog x 19°6 
9 10.5 «10° —2h8o x 10°F "258 x 10-6 .007 x 1076 
102.8 x 108 680 x 10-357") ha x 10°6 .00% x 10° 
ll 9.2 x 108 = 2200 x 1073 193 .009 x 10°6 
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Exasiination of the pulses recorded at. Boulder euggeste that the 

first part of the pulse ie due to. arrival of the surface. vave. and 

that the one-hop sky vave arrives just as the surface vave has almost 

completely passed. If this is true about balf the energy is de- 

livered by the surface wave and half dy the one-hop sky vave, We : 
may then calculate the ground-wave attenuation from date in Tadle 

4.3, Foy convenience ve way exprese Equation (1) in logarithm to 

the base 10, 


log E log By - 2 log a - kd (6) 


* and of Ky » @xpressed in decibele per 1000 km, are 
given in Table 4.4, The value of k, is relatively great, correspond. 


ing to ground of very poor conductivity, g-~ < 10°13 eas, It also 
includes affects due to diffraction losses. ‘The reflection coeffi- 
Silent for the ionosphere, for the time of day at which each observa- 
tion vee unde, at the angle of incidence involved in the one-hop node 
my be calculated from Equation (2). These results are aleo shovn 

in Table 4,4, Eq vas taken to be equivalent to ¥) of the surface 
wave. The reflevtion coeffictents in the table are ratios of energy ; 
in the incident and reflected waves, not field strengths, ‘If they 
repreaented field strengths the values vould range from 0.15 to 0.20 
which are not inconsistent with values ccomonly gives in the Uiterature. 


Values of k 


TABLE 4,4 


GROUND ATTENUATION INDEX AND IONOSPHERTC REFLECTION 
COEFFICIENTS FOR DISTANCE OF 1000 KM 


Shot No. k k Ry 
(logy) (ab/100 ina) 
6 1a 16 0.023 
7 1.62 16 0, 02% 
8 1.40 Ld 0.040 
9 1,50 15 0.032 
10 1,92 15 0.030 


Average 1.50 19 0 0590 ; 
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TABLE 4. err ‘ 


WHS 


ATTENUATION INDEX AND "COUPLING cOmrrIcrENta® 
FOR_WAVE GUIDE MODEL BEYOND 100 KN CS 
Shot No. x vig. 
tended LL tee a *- 
(108) 5) __antilog _ db / 1000: ies 
6 6.02 - 10 10.5 x 1079 Lg 
T 5.83 - 10 6.8 x 1079 1.5. 
8 6.13 - 10 13.5 x 10°59 2.3 - 
9 6.13 - 10 13.5 x 10° 5.3 
10 5.98 - 10 9.6% 10° 2.0 
Average 6.02 - 10 10.8 x 10°> 2.2 


The constants for the vave-guide model of Propagation to great 
distances my be derived from the values of energy densities given 
in Table 4.3. Expressing Equation (4) in logarithms te the base 10 
and neglecting the tera 0/sin O ,- which ig substantially unity, ve 
have 


Soe 
log R= log K+ log By - log d-kA (7) 


There are tuo paramnters to be determined, K and k,. Using the 


‘date from Nevada Proving Ground, Boulder, and Ft, Belvoir, the cal- 


culated paraneters are as given in Table 4.5. It is interesting to 
calculate from these paraueters the energy to be expected at Ft, 
Belvoir for Shot No. 11, for which no observations are available at 
Boulder, The calculated value is 0.0120 x 10°4 Joules per square 
mater,and the observed value vas 0,009K7 x 10° 


In spite of the relatively good agreenent of the constants de- 
termined frou the individual shote, some reservations must be nade 


Joules per square meter, 


in applying them for Propagation calculations under other conditions, 


The-groumd attenuation index k. is acctvately determined: for the 
particular terrain involved, but over regions of good conductivity 
it would be considerably less, For propagation over sew water, 


CES fal ae 
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absorpts effects are"ifigligibie, the principal loss in the aurface 
wave; apart from inverse distance squared, being due to diffraction 
which is important at distances over several hundred kilometers, 


The reflection coefficient of the ionosphere a6 given in Table 
4.4 is reliable for calculation of received energy for approximately 
equal distances and similar zenith angles of the sun. The value is 
not suitable for use when the path lias in darkness, 


The coupling coefficient and attenuation index calculated far 
the wave-guide model are subject to some uncertainty since observa- 
tions at only two distances, 1000 kw and 3400 km, were used in the 
calculations. The smell value of the effective coupling coefficient 
is due in part to the arbitrary detersination to use the energy at 
unit distance (in this case taken as 1 ka) as a reference value. 

This accounts for about a hundred-fold reduction in the apparent 
coupling coefficient, the remaining factor of 100 resulting from 
aecape of the energy from the earth-ioncsphere boundaries within the 
first few hundred kilomters, Expressed itn decibels, there is a. 

40 ab loss represented by the affective coupling coefficient, 20 db 
of which arises from geometric considarstions inherent in the assunp- 
tion regarding the point vhere Ey 1s measured, and the remaining 20 db 
from actual leakage, 


A different distribution of losses betvean the coupling eoat- 
ficient and the attenuation index might have resulted tf observations 
had been made at other distances than those given, and certainly if 
the source and receiving sites had all been in darkness, Howaver, 
the attenuation index ts not likely to be in appreciable error for 
daylight propagation. Furthermore, it is in good agreement with the 
attenuation index for daylight propagation in the very low fraquency 
range as obtained from numerous measurenents nade on continuous. 
wave transmitters operating at very low frequencies, 


4,4 ENEROY RADIATED FROM SOURCE 


The energy densities calaulated from the observations at the 
sitag at Nevada Proving Ground my be used to derive the total elactro- 
magnetic energy radiated by each bowb. Assuming again that radtation 
occurred from as short vertical dipole, the energy radiated in any 
direatios is proportional to cos?Q, where @ is the angle of . 
elevation above the horizontal. ‘The total onergy radiated ie given by 
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Bp = we)’ f cos?o dg dO = xia? / 5 Po he wey (BRS 
0 “9 hats. Moa ts 
in vhich By ts the cnergy density at a potnt ab the earth's, duktice 
distance d from the source, and J ia the asimutlt of thé observing 
Foint froe the source. Values of By in Joules are given ty Table 4.3, 


‘ ay re eae 
The eneray values range frow 0.119 x 106 to 15.6% x- 10°" jontess. 
By comparison, the electromagnetic energy in the frequency‘ rangs# from. 
7.5 ke to 10 ke radiated from lightning flashes averages around O19: t 
x 10° Joules.” Since the pulse onitted has a duration of only, atout: . | 
50 microseconds, these values correspond to an average radiated power ' 
for the duration of the pulse of fron 2,400 to 300,000 megawatts, | 


Por the sizes of the veapons fired during the teats under. dis« 
cussion, @ fairly good Linsar relationship betvsen the total electro- 
tagnetic energy radiated and the bomb yield obtains, A plot of this 
relationship appears in Figure 4,1, vhere total energy is plotted. 
against yield in kilotona, For conventence the energy density; 
normalized to one kiloweter frow ground zero, is shown as an additional 
abscissa scale. In drawing the line on the graph Shots ito. 4, 8, 10 
and 11 vere ignored since they were not tower shote, 


All of the air-dropped boubs and the cannon-launched bomb showed 
conspicuously less electromagnetic radiation for the same yield thar 
those fired on the towers, An empirical relationship to correct for 
the effeot of hatght was derived and applied to the values for the 
non-tover shots to give the equivalent radiated energy. te de expected 
if the shots had been fired on tovere. A new plot, with the corre 
rection applied to the non-tower shots, ia shown in Figure 4.2. All 
oxuept Shot No. & show close agreement in the relationship hetveer 
yield and radiated energy. The equation relating energy to yield is 


By = 0.362 ¥ / (14h) (9) 


vhere Ep is the electromgnetic energy radiated in wegajoulaa, 
Y the yield in kilctons, and h ‘the height of detonation in 


- thousands of feet abcve ground, a correation to be applied only for 


non-tover shots. The energy density at a distance of one kilometer 
is given by 
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By = 0,086 ¥ / (1h) _ (10) , 
By » in this case being in Joules per square meter. : 


Sowa reservations must ba hald regarding the reliability of the 
absolute values of the energies calculated from the data obtained at 
the Nevada Proving Ground, although the relative values are undoubt- 
edly reliable, The sumsil value for the coupling coefficient and the 
high value for absorption of the ground vave as received at Boulder, 
calculated previously, suggest that the energies may be too large. 


. The linear relationship vLetween yield and total radiated anergy, 
vhen the height corrections are appliad, may be fortuitous, Nothing 
can de concluded regarding their applicability to weapons having 
yields far outaida the ranges of those involved here, or to other 
types such as thermonuclear weapons, 


4.5 DIRECTION OF THE ELSCTRIC VECTOR OF THE RADIATED FIELD x 


Considerable interest is attached to the direction of the electria 
veotor radiated from the source and recorded at the near receiving 
sites, The direction of this vector for the main initial phase of the 
pulse vas the same in all cases. : 


To obtain the relation between the direction of current flow in 
the source, and the direction of deflection of the oscilloscope, ve 
expresa the radiation electromagnetic field in terns of the vactor 
potential A, and then relate the latter to the source current is 


= -. 9A } Hs JY XA 
Tt 
A (xt, t) « CA Gene ae 


ye 228] 


Thus a current which is inoreasing in the dowmvard direction 
gives rise to an electric field’ positive in the upwani direction. 
This conelusion may be checked through H , using the fact that the 
Poynting vector Ex H is positive in the direatioa of anergy flov. 
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THE NATIONAL BUREAU OF STANDARDS; 53s jo 7}xp 7 


Functions and Aetivities 


The functions of the National Bureau of Standards are set forth in the Act of Congres, March 
4, 1901, a¢ amended by Congrese In Puble Law 619, 1950, ‘These Inelude the development and 
maintenance of the national itandards of measurement and the provistom of means and methods 
for making measurements conslatent with theee atandarde; the determination of physieal constants 
and properties of matectaley the development of methods and instruments for tcsting materiale, 
devices, and structures; advisory services to Covernment Agencies on acientifie and technical 
problems; Invention and development of devices to-serve special needs of the Government; and the 
development of standard practices, codes, and specifications, The work includes bese and applied 
research, development, engincering, natrumentation, testing, evalnation, callbraticn services, and 
varlous consnitation and information services. A major portion of the Bureau's work le performed 
for other Government Agencies, particularly the Department of Defense and the Atombe Energy 
Commission. The scope of ectivities ls suggested by the listing of divistone and sections on the 


inude of the front cover, 


Reports and Publications 


The resulte of the Burean's work take the form of either actual oquipment and devices of 
published papers and reports, Reports are isened to the spomeoring agency of a particular project 
o¢ program. Published papers appear either in the Bureau’e own series of publications or in the 
Journals of profesalonal and scientific soctetieen, The Bureau iteelf publishes three monthly pert 
odicals, available from the Government Printing Office: The Journal of Research, which presents 
complete papers reporting technical investigations; the Techaical News Bulletin, which presents 
tummuary and preliminary reporta on work in progress; and Basle Radio Propagation Predictions, 
which provides date for deternaining the beat frequencies to use for radio commusications throug how 
the world. There are also five series of nonporiodical publications: The Applied Mathematics 
Secica, Cireulara, Handbooks, Building Materiale and Structures Reports, and Miscellansove 
Publications, 

Information on the Bureau's publications can be found in NBS Circular (66, Publications of 
the Natlonal Bure an of Standards ($1.25) and its Supplement ($0475), available from the Superin- 


ra 


tendent of Documents, Government Printing Office, Inquiries regarding the Bureaw's reporte and’ 


publications should be addceesed to the Office of Sctcatifle Puldications, Natlonal Dureew of 
Stendarde, Washington 25, D. C. 
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We have reviewed the enclosed document in consultation with the Department of Energy 
(DOE) and have declassified it in part. OSD excised information is exempt from 
declassification under Executive Order 13526, section 6.2(a) and is also protected under the 
Freedom of Information Act (FOIA), 5 U.S.C. § 552(b)(6). DOE excised information is exempt 
from declassification under section 6.2(a). Section 6.2(a) protects “Restricted Data” and 
“Formerly Restricted Data” information in conformity with the provisions of the Atomic Energy 
Act of 1954, as amended, and regulations issued under that Act. FOIA, 5 U.S.C. § 552(b)(6) 


protects information which would constitute a clearly unwarranted invasion of the personal 
privacy of certain individuals. 


OSD stands as the appellate authority and will coordinate any appeals regarding this case. 
A written appeal must be filed within 60 days explaining the rationale for reversal of the 
decision. Reference should be made to OSD MDR Case 12-M-1573. Letters of appeal should 
be sent to the following address: 


WHS/ESD Records and Declassification Division 
Attention: Robert Storer 

4800 Mark Center Drive 

Suite 02F09-02 

Alexandria, VA 22350-3100 


If you have any questions, contact me by e-mail at Records.Declassification@whs.mil or by 
phone at 571-372-0483. 
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Enclosures: 


1. MDR request 
2. Document 1 


G2 


Ye 


DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 


1155 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 


MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: DTIC-OQ INFORMATION SECURITY) 
8725 JOHN J. KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 
SUBJECT: OSD MDR Cases 12-M-1572 and 12-M-1573 
At the request of I, we have conducted a Mandatory Declassification 
Review of the attached documents under the provisions of Executive Order 13526, section 3.5, 
for public release. We have declassified the documents in part. We have attached a copy of our 
response to the requester on the attached Compact Disc (CD). If you have any questions, contact 


me by e-mail at storer.robert@whs.mil, robert.storer@whs.smil.mil, or robert.storer@osdj.ic.gov 


or by phone at 571-372-0483. 


Robert Storer 


Chief, Records and Declassification Division 


Attachment: 
CD 


